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Abstract: Insulin-like growth factor II mRNA-binding protein 3

(IMP3) is strongly expressed in malignant tumors and has been

associated with their aggressive behavior. The aim of this study

was to evaluate the presence of IMP3 in a series of salivary gland

tumors. The sample consisted of 9 pleomorphic adenomas (PA),

14 adenoid cystic carcinomas (ACC), and 13 mucoepidermoid

carcinomas (MEC) that were investigated by immunohisto-

chemical technique. All cases of PA and MEC were positive for

IMP3 particularly in the cytoplasm. PA showed 4 cases as high

expression and 6 as low expression. MEC showed 10 cases as

low expression and 3 as high expression. For ACC, 4 cases were

high expression, whereas 6 cases were low expression. No sig-

nificant difference was observed between tumors (P>0.05,

Fisher’s test) when both scores of IMP3 were compared. This

study showed that MEC seems to be more sensitive to IMP3

than ACC and provided an insight into this protein in salivary

gland tumors. Furthermore, although IMP3 is not a specific

diagnostic marker to distinguish the tumors studied, it seems to

mediate cell adhesion and migration in these tumors. Further

studies should be performed to better understand the IMP3

biology in salivary gland tumors.
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Salivary gland tumors comprise a diverse group of be-
nign and malignant tumors with different morpho-

logic and behavioral characteristics,1 including propensity

for recurrence2 and metastasis.3 The histologic diversity
of these tumors has been attributed to the presence of
myoepithelial cells,4 with tumors containing my-
oepithelial cells exhibiting slow progression and a low
metastatic capacity.5,6 Therefore, different markers have
been studied in an attempt to distinguish these tumors.

Insulin-like growth factor II mRNA-binding protein
3 (IMP3), an mRNA-binding protein belonging to the
insulin-like growth factor II family, is an oncofetal protein
that is expressed in fetal and cancer tissues.7 This protein
consists of 580 amino acid residues and is encoded by an
mRNA transcript of 4350 nucleotides.8 The gene encoding
IMP3 is located on chromosome 7p15 and plays an im-
portant role in the migration and adhesion of cells in
different malignant neoplasms.8 Furthermore, this protein
is involved in the posttranscriptional regulation of cell
proliferation during embryogenes.9 So far, 3 members of
this family are known: IMP1, IMP2, and IMP3.8,10 IMP3
is strongly expressed in malignant tumors, but rarely in
normal adult tissues.11 Many authors have demonstrated
the expression of IMP3 in a variety of human tumors,
including carcinomas and adenocarcinomas.7,12–23

Despite the frequency, malignant salivary gland
tumors are rare2 but have raised interest on the part of
various researchers. To our knowledge, there are no
studies investigating IMP3 in salivary gland tumors.
Therefore, as IMP3 is an important biomarker of ag-
gressive tumors, the objective of the present study was to
evaluate the presence of this protein in a series of salivary
gland tumors.

METHODS
After approval by the Ethics Committee of the

School of Dentistry, Federal University of Bahia, Salvador,
Bahia, Brazil, 36 salivary gland tumors were studied. The
sample consisted of 9 pleomorphic adenomas (PA), 14
adenoid cystic carcinomas (ACC), and 13 mucoepidermoid
carcinomas (MEC). The cases were retrieved from the Ar-
chives of the Pathological Anatomy Service, School of
Dentistry, Federal University of Bahia. The histopathologic
diagnosis was revised and classified by an experienced oral
pathologist (J.N.S.) based on the current World Health
Organization classification.24 Clinical data obtained from
the request forms of the anatomopathologic examinations
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showed that 21 patients were females and 15 were males.
The mean age was 41.7 years.

Sections (3 mm) cut from paraffin-embedded speci-
mens were deparaffinized in xylene (2 times for 10min)
and absolute alcohol (2 times for 5min) at room tem-
perature. Antigen retrieval was performed by boiling the
sections in Tris/EDTA solution, pH 9, for 30 minutes at
981C. Endogenous peroxidase activity was blocked by
immersion of the tissue sections in phosphate-buffered
saline containing 0.3% hydrogen peroxide. Next, the
sections were incubated with the primary antibody (anti-
IMP3, clone 69.1, Dako, Carpinteria, CA) diluted in
antibody diluent plus background-reducing components
(Dako Corporation) at 4 room temperature, for 30 mi-
nutes. The polymer (Advance, Dako) was then applied
for 30 minutes at room temperature. The reaction was
developed with 3,3-diaminobenzidine (Dako) as chrom-
ogen solution for 5 minutes in a dark chamber. The sec-
tions were counterstained with Harris hematoxylin.
Finally, the sections were dehydrated in absolute alcohol,
cleared in xylene, and mounted. Placental tissue was used
as positive control. The negative control consisted of re-
placement of the primary antibody with normal serum of
the same isotype as the primary antibody.

Positive cases were identified by brown staining in the
cytoplasm and the nucleus of cells and scored as follows:
score 0, no staining; score 1, weak staining; score 2, moderate
staining; and score 3, strong staining. The proportion of
staining was defined as the percentage of stained cells (0, 0%;
1, 1% to 25%; 2, 25% to 75%; and 3, >75%). Multi-
plication of the staining intensity (0 to 3) by proportion (0%
to >75%) resulted in the following score: the product of the
2 scores was up to 3 when<25% of the cells were stained or
the immunostaining intensity was weak, and expression was
classified as low. The product of the 2 scores was Z4 when
at least 25% of the cells were stained and the im-
munostaining intensity was moderate or strong, and ex-
pression was classified as high, adapted from Dultra et al.25

Differences between groups were tested using the
Fisher test. All statistical calculations were performed
using the GraphPad Prism 5.0 program (San Diego). A P-
value <0.05 was considered to be statistically significant.

RESULTS
The immunohistochemical scores are summarized

in Table 1.

Pleomorphic Adenoma
All cases of PA (n=9) were positive for IMP3

particularly in the cytoplasm. Staining was heterogenous
and only 2 cases were classified as high expression.
Marked staining was mainly observed in areas of squ-
amous metaplasia. However, the nuclei of myoepithelial
cells and the cytoplasm of some of these cells were also
positive. Staining for IMP3 was also detected in luminal
cells of ductal structures (Figs. 1A, B).

Adenoid Cystic Carcinoma
Staining was heterogenous. Among positive cases,

high expression was observed in 4 and low expression in 6.
In these tumors, cytoplasmic, membranous, and nuclear
staining was detected in cribriform and solid areas and in
more internal cells of tubular and tubulotrabecular
structures. Only 4 of the 14 cases of ACC were negative
for IMP3 (Figs. 1C–F).

Mucoepidermoid Carcinoma
Although staining was also heterogenous, all MEC

cases were positive for IMP3, with the observation of
cytoplasmic staining in areas corresponding to squamous
and intermediate cells. Cytoplasmic granular staining was
observed in many cases. Mucosal cells were negative.
Among the 13 IMP3-positive cases, 3 were classified as
high expression and 10 as low expression (Figs. 1G, H).

Normal Salivary Gland
In the normal salivary gland, IMP3 staining was

positive in the cytoplasm of luminal and extraluminal
cells of the ductal segment, including striated and ex-
cretory ducts. In the intercalated duct, staining was also
observed in the cytoplasm of luminal cells (Fig. 1).

Comparison Between Tumors
No significant association was observed between

tumors (P>0.05) when these scores (low and high) were
compared.

DISCUSSION
To the best of our knowledge, this is the first study

investigating the expression of IMP3 in tumors derived
from different segments of the morphofunctional unit of
the salivary gland. This study showed the expression of
IMP3 in the cytoplasm of MEC and ACC, although some
cell nuclei were also stained in cases of PA and ACC.

IMP3 is found in developing tissues during embryo-
genesis where it plays an important role in RNA trafficking
and stabilization as well as in cell growth and migration.26

The expression of IMP3 is low or undetectable in adult tis-
sues, but the protein is strongly expressed in malignant tu-
mors and has been associated with the aggressive behavior of
different tumors, poor differentiation, advanced stage, and
unfavorable prognosis.9,11,12,15,17–23,27,28 In the present study,
similar to the salivary gland tumors studied, the cytoplasm of
normal salivary duct cells was also positive for IMP3.

TABLE 1. Distribution of Salivary Glands Tumors Studied and
Their Immunohistochemical Scores

Score

Tumors

Low Expression

(%)

High Expression

(%)

Pleomorphic adenoma 77.7 22.3
Adenoid cystic carcinoma 42.8 28.6
Mucoepidermoid
carcinoma

23.1 76.9
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However, these findings seem to differ from human breast
tissue that did not show positivity for IMP3,29 but are sim-
ilar to a study showing IMP3 staining in germinal center cells
of reactive lymph nodes and normal tonsils, as well as in
follicular lymphoma.11 With respect to the positive cell nuclei
found in PAs and ACC, Li et al13 also detected IMP3-pos-
itive nuclei in oral squamous cell carcinomas. This finding
might be explained by the posttranscriptional regulation of
mRNA whose proteins can be located in both the cytoplasm
and the nucleus.30,31

The present results showed expression of IMP3 in all
MEC, although this expression was low in 77% of cases.
A similar result was obtained for PAs, in which all cases
were positive for IMP3, but expression was low in 77.7%
of cases. In contrast, in ACC, expression of this protein

was observed in slightly more than 57% of cases, with low
and high expression in 28% each. Although we were not
able to demonstrate differences between benign tumors
and malignant ones and MEC and ACC, these findings
seems to suggest that IMP3 staining differs between these
tumors, permitting us to hypothesize that this protein is an
important biomarker of salivary tumors with squamous
differentiation, although it is not specific to distinguish the
complex histopathology of salivary gland tumors. Re-
garding this hypothesis, some studies have demonstrated
the expression of this protein in squamous cell carcino-
mas,28,32,33 including head and neck carcinomas.22,30,31,34

Furthermore, there seems to be a loss of IMP3, es-
pecially in cases of ACC. A previous study from our
group has shown heterogenous staining for E-cadherin in

FIGURE 1. A, Pleomorphic adenoma: ductal and myoepithelial cells with immunohistochemical staining predominantly granular
and cytoplasmatic and variable intensity in areas displaying squamous differentiation. B, Pleomorphic adenoma: myoepithelial
cells with immunohistochemical staining predominantly nuclear. C, Cribriform cystic adenoid carcinoma: parenchyma showing
loss of immunohistochemical staining. D, Cribriform adenoid cystic carcinoma: high-power view showing cytoplasmatic im-
munohistochemical staining especially in areas with luminal differentiation. E, Adenoid cystic carcinoma: solid areas showing
membranous and cytoplasmatic immunohistochemical staining. F, Adenoid cystic carcinoma: high-power showing im-
munohistochemical staining predominantly membranous. G, Mucoepidermoid carcinoma: papillary cystic growth showing some
cuboidal and columnar cells with cytoplasm immunostained. H, Variable immunohistochemical staining in the cytoplasm of
epidermoid cells. I, Normal salivary gland: granular and cytoplasmatic immunohistochemical staining in ductal segment.
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a series of salivary gland tumors and loss of im-
munostaining for this protein was also observed in
ACC.25 In an extensive review of a large series of different
malignant human cancers, excluding salivary gland tu-
mors, Findeis-Hosey and Xu7 observed variable positive
expression of this protein. Soddu et al33 also reported
heterogenous immunostaining for IMP3.

Although the salivary carcinomas studied here ex-
hibited different grades of malignancy, it was not possible to
make a distinction as most MECs of the sample were low
grade; however, 3 of the low-grade MEC showed high ex-
pression of IMP3, whereas more than 70% of the ACC cases
were of the cribriform type. Nevertheless, these findings
demonstrate that IMP3 plays a key role in the development
of these tumors. However, further studies involving larger
series of these rare tumors and comparing different clinical
parameters are needed to clarify the role of IMP3 in tumors
with different grades of malignancy. It should be noted that
this is a preliminary study and several authors have shown
different functions of this protein related to tumor behavior
and progression. In this respect, some authors have asso-
ciated IMP3 with tumor invasion,35 cell migration,36 and
metastatic potential,12,27 whereas others demonstrated its
role in the regulation of cell proliferation.27,32 IMP3 has also
been shown to be an important prognostic marker,27,31 and
has been indicated as a therapeutic target.37 A recent study
demonstrated a regulatory role of IMP3 in cancer cells with
stem-cell properties.37

It was not possible in the present study to establish
the usefulness of IMP3 as a diagnostic marker that could
distinguish the different tumors studied. Jeng et al,27

showed that depletion of IMP3 with interference RNA in
a hepatocellular carcinoma cell line caused a reduction in
cell motility, invasion, and transendothelial migration.
We therefore believe that IMP3 is involved in cell adhe-
sion and migration in salivary gland tumors.

Finally, this study showed that MEC seems to be
more sensitive to IMP3 than ACC and provided an in-
sight into this protein in salivary gland tumors. Fur-
thermore, although IMP3 is not a specific diagnostic
marker to distinguish the tumors studied, it seems to
mediate cell adhesion and migration in these tumors.
Further studies should be performed to better understand
the IMP3 biology in salivary gland tumors.
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